Persistent primitive hypoglossal artery is a rare anastomosis between the carotid and basilar arteries, and sometimes associated with cerebral aneurysms. However, association of persistent primitive hypoglossal artery with aneurysms located on arteries other than persistent primitive hypoglossal artery itself or posterior circulation is very rare. An 80-year-old woman suffered from subarachnoid hemorrhage, whose angiography demonstrated aneurysms on the left middle cerebral artery and anterior communicating artery, and the left persistent primitive hypoglossal artery. The middle cerebral artery aneurysm was the origin of hemorrhage. Although repeated craniotomy was necessary for the left middle cerebral artery aneurysm, both aneurysms were successfully clipped. In our case, neither aneurysm was located on an artery related to the persistent primitive hypoglossal artery. There is a possibility that cases of persistent primitive hypoglossal artery are accompanied by cerebral aneurysms on arteries other than the persistent primitive hypoglossal artery or in the posterior circulation.
Introduction
Persistent primitive hypoglossal artery (PPHA) is the second most common anastomosis between the carotid and basilar arteries; and the incidence has been reported to be 0.03-0.26% [1] . The incidence of an association with a cerebral aneurysm has been reported to be as high as 22-26% [1, 2] . Recently, we treated a patient with PPHA who presented with subarachnoid hemorrhage (SAH). Radiological examinations revealed two cerebral aneurysms on the middle cerebral artery (MCA) and anterior communicating artery (AComA) in addition to PPHA. In most cases of PPHA with cerebral aneurysms, the aneurysms are located on PPHA, the vertebrobasilar artery (VBA) or posterior circulation of the circle of Willis. In this report, we describe our experience of treatment for a patient with PPHA and multiple aneurysms, and discuss the radiological findings, management and etiology.
Case Report
An 80-year-old woman with a history of hypertension and angina pectoris experienced sudden-onset headache and vomiting. Computed tomography (CT) on admission demonstrated SAH (Fig. 1A) , while three-dimensional CT angiography (3D-CTA) demonstrated aneurysms of the left MCA and AComA. The sizes of the aneurysms of MCA and AComA were 9 and 3 mm, respectively (Fig. 1B) . Due to the shape and size, the left MCA aneurysm was suspected to be the origin of SAH. An anomalous artery originated from the left internal carotid artery (ICA) ran through the hypoglossal canal and connected to the basilar artery (BA) (Fig. 1C) . Angiography also demonstrated the left PPHA (Fig.1D ). In addition, a fenestrated thin artery was observed at AComA. On the day of onset, craniotomy was performed, and both aneurysms were clipped. Post-operative 3D-CTA revealed a small residual neck of the MCA aneurysm ( Fig. 2A) . The post-operative course was uneventful until the sixth day when the patient showed consciousness deterioration. CT revealed additional SAH in the basal cistern (Fig. 2B) . Angiography demonstrated enlargement of the residual neck of the left MCA aneurysm (Fig. 2C) . Repeated operation was performed. Recurrence of the aneurysm was noted at the aneurysmal neck, and it was re-clipped. Post-operative 3D-CTA demonstrated no residual aneurysm on the left MCA (Fig. 2D) . After the second operation, no symptom due to vasospasm was observed. On the 34th day, right ventriculo-peritoneal shunt was performed. On the 88th day, she was transferred to another hospital for rehabilitation.
Yabuki et
been some reports describing the association of PPHA with multiple aneurysms. Ikeda et al summarized cases of PPHA with multiple aneurysms in the Japanese literature [4] . According to them, nine cases of PPHA associated with multiple aneurysms have been reported [5] [6] [7] [8] [9] [10] [11] [12] . Among them, eight cases had at least one aneurysm on PPHA or an artery in the posterior circulation. Only one case had aneurysms that were not related to PPHA or VBA [7] . Our patient had two aneurysms of arteries in the anterior circulation, on MCA and AComA. This is the second case of PPHA associated with aneurysms on arteries not related to PPHA or VBA. Although it is rare, we should be aware of the association of PPHA and cerebral aneurysms other than in the posterior circulation. Increased hemodynamic stress of PPHA might lead to the formation of cerebral aneurysms, because PPHA is the main vessel supplying blood flow to the posterior circulation [13] .
The most common location of an aneurysm in cases with PPHA is the intracranial portion of PPHA [13] . In our case, aneurysms were located on MCA and AComA. Although the aneurysms were not related to PPHA, there is a possibility that the hemodynamics was unusual due to the existence of PPHA, and aneurysms were formed in arteries other than PPHA. In our case, the posterior circulation was mainly fed by the left PPHA. The right posterior communicating artery (PComA) was of the fetal type, and the right posterior cerebral artery (PCA) was fed via the right PComA. PPHA originated from the left ICA. Therefore, the left ICA supplied blood flow to the left anterior circulation and posterior circulation other than territory of the right PCA. This condition required abundant blood flow to the left ICA, resulting in hemodynamic stress loaded on the left ICA system, and the aneurysms were formed. 
Conclusions
In cases of PPHA, the incidence of an association with cerebral aneurysms is high. Most cases have aneurysms on PPHA or arteries in the posterior part of the circle of Willis. However, there is a possibility that cases of PPHA are accompanied by cerebral aneurysms in the anterior circulation.
